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WAVELENGTH DIVISION MULTTPLEXING
TRANSMISSION SYSTEM AND REMOTE
APPARATUS AND STATION APPARATUS

USED THEREIN

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wavelength division mul-
tiplexing (WDM) transmission system and a remote appara-
tus and a station apparatus used therein and, 1n particular, to a
wavelength division multiplexing transmission system in
which a plurality of remote apparatuses are connected to a
station apparatus in a star or tree topology, and the remote

apparatuses and the station apparatus used therein.

2. Description of the Related Art

The widespread use of the Internet has brought about the
explosion 1n demand for data communications. WDM trans-
mission systems are used 1n order to efficiently increase com-
munication traific.

Examples of network system configurations include a star
system configuration in which a number of remote appara-
tuses are connected to one station apparatus and a tree system
configuration 1n which a number of remote apparatuses are
connected to each other through a relay point such as a star
coupler.

FIG. 1 shows a block diagram of a prior-art wavelength
multiplexing transmission systems. Referring to FIG. 1, a
wavelength division multiplexing transmission system
includes a station apparatus 10, a plurality of remote appara-
tuses 20-1-20-» (wherein n1s a positive integer), a wavelength
demultiplexer 7 connected between the station apparatus 10
and the plurality of remote apparatuses 20-1-20-7, and a
wavelength multiplexer 8. In this way, the station apparatus
10 and the plurality of remote apparatuses 20-1-20-n are
connected to each other through the wavelength demulti-
plexer 7 and the wavelength multiplexer 8 1n a star topology.

The station apparatus 10 includes a plurality of optical
transmitters 101-10% a plurality of optical recervers 111-11#,
a wavelength multiplexer 3 which outputs signals 1011 to
1071 provided from the optical transmitters 101-107 as wave-
length multiplexed optical signals, and a wavelength demul-
tiplexer 4 which demultiplexes a wavelength multiplexed
optical signal 2020 and outputs the resulting signals to the
optical receivers 111 to 11». The wavelength demultiplexer 7
demultiplexes a wavelength multiplexed optical signal 2010
provided from the wavelength multiplexer 3 of the station
apparatus 10 and outputs the resulting signals. The wave-
length multiplexer 8 multiplexes individual optical signals
2021-202# and outputs the resulting signal to the wavelength
demultiplexer 4 of the station apparatus 10. A remote appa-
ratus 20-1 includes an optical recerver 220-1 which receives
an optical signal 2011 among signals provided from the
wavelength demultiplexer 7, an optical transmitter 230-1
which outputs each individual optical signal 2021 to the
wavelength demultiplexer 8, and wavelength controller 240-1
which controls the wavelengths of optical signals to be trans-
mitted from the optical transmuitter 230-1. The configurations
of remote apparatuses 20-2-20-7, which are not shown, are
similar to the configuration of the remote apparatus 20-1.
Each of the remote apparatuses has an optical recerver 220-
2-220-n which recerves a signal 2012-2017 among signals
provided from the wavelength demultiplexer 7, an optical
transmitter 230-2-230-2 which transmits each individual
optical signal 2022-202# to the wavelength multiplexer 8, and
a wavelength controller 240-2-240-» which controls the
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2

wavelengths of optical signals to be transmitted from the
optical transmitter 230-2-230-7.

Shown 1n FIG. 1 1s the addition of a remote apparatus 20-m
(m 15 any positive integer within the range from 1 to n) to the
prior-art wavelength division multiplexing transmission sys-
tem. The optical transmitter 230- of the newly added remote
apparatus 20-m contains a wavelength tunable laser. The out-
put wavelength of the wavelength tunable laser must be con-
trolled so as to be the wavelength assigned to the remote
apparatus 20-m through the use of a wavelength controller.

Another example of wavelength division multiplexing
transmission systems of this type 1s described in Japanese
Patent Laid-Open No. 9-83491 (paragraph 0016 and FIG. 2,
hereinafter referred to as a first patent document), which is a
wavelength division multiplexing communication network
on which a line monitoring node 1s provided. The line moni-
toring node searches through wavelengths on the network. It
the line monitoring node detects an unused wavelength, 1t
transmits a signal indicating that the wavelength 1s unused. I
the line monitoring node later detects in that wavelength a
signal other than the signal indicating that the wavelength 1s
unused, 1t ends the transmission of the signal indicating that
the wavelength 1s unused and searches for another unused
wavelength on the network.

However, 1n the prior-art system shown i FIG. 1 and
described above, each time a new remote apparatus 1is
installed, a wavelength to be used in that system must be set
by a maintainer or other personnel. Therefore, the system has
a problem 1n that man-hours for such maintenance tasks are
required and 1t takes time for a new remote apparatus to start
operation.

The technology described in the first patent document
requires a dedicated line monitoring node for detecting an
unused wavelength. Accordingly, it requires an arrangement
and operation for notitying a remote node (which 1s equiva-
lent to a remote apparatus of the prior art herein) of the unused
wavelength detected by the line monitoring node. Further-
more, because bidirectional communication relating to infor-
mation about unused wavelengths must be performed
between remote nodes, collisions between signals may occur
and action must be taken to handle them. As described above,
the technology disclosed 1n the first patent document has a
problem 1n that the technology requires a complex arrange-
ment, operation, and processing.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a wave-
length division multiplexing transmission system that does
not require maintenance tasks for setting beforechand in a
remote apparatus a wavelength to be used in that remote
apparatus and to provide a remote apparatus and a station
apparatus used in the system.

According to the present invention, there are provided a
wavelength division multiplexing transmission system in
which a plurality of remote apparatuses are connected to a
station apparatus and transmission and reception are per-
formed between the apparatuses, and a remote apparatus and
a station apparatus used in the system, wherein the remote
apparatus 1includes wavelength determining means for deter-
mining an available wavelength on the basis of an optical
signal recerved from the station apparatus.

The wavelength determining means may determine the
wavelength of an unreceived optical signal as the available
wavelength and set it as the transmission and reception wave-
length to be used 1n the remote apparatus. Alternatively, the
wavelength determining means may determine the wave-
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length of a received optical signal as the available wavelength
and set 1t as the transmission and reception wavelength to be
used 1n the remote apparatus. Furthermore, the wavelength
determining means may include wavelength separating
means that sequentially separates optical signals having par-
ticular wavelengths from an optical signal including a plural-
ity of wavelengths, optical reception means that outputs a
reception status signal indicating whether or not a separated
optical signal 1s being received, wavelength control means
that identifies an unused wavelength on the basis of the recep-
tion status signal, sets the unused wavelength as the transmis-
sion and reception wavelength, and outputs a wavelength
control signal for setting the wavelength, and optical trans-
mission means whose output wavelength 1s adjusted to the
unused wavelength according to the wavelength control sig-
nal.

The station apparatus may include optical output control
means that determines a wavelength to be used on the basis of
an optical signal recerved from a remote apparatus.

The transmission system and its apparatuses according to
the present invention do not require a separate apparatus for
detecting unused wavelength. Instead, a remote apparatus
that actually performs communication autonomously detects
an unused wavelength. Moreover, the transmission system
and 1ts apparatus are low-cost because only remote appara-
tuses require a wavelength tunable filter and a wavelength
tunable laser and the station apparatus does not require any
wavelength tunable devices. Furthermore, the transmission
system and 1ts apparatuses do not have to transmit an extra
signal for indicating a line 1s not in use. Unlike the system
disclosed in the first document, the transmission system of the
present mnvention does not cause a collision between signals.
The configuration and operation of the transmission system
and the apparatuses used therein according to the present
invention differ from the technology shown 1n FIG. 1 and the
technology described 1n the first patent document in the
respects described above.

Another prior-art wavelength division multiplexing trans-
mission system 1s an optical access system described 1n Japa-
nese Patent Laid-Open No. 2000-068982 (paragraph 0013
and FIG. 2, hereinafter referred to as a second patent docu-
ment), in which a wavelength controller 1s provided in a
station. The system monitors variations 1n wavelength char-
acteristics of an optical multiplexer-demultiplexer located at
a remote node (which 1s equivalent to the wavelength demul-
tiplexer and wavelength multiplexer of the prior art herein) to
detect the amount of a wavelength shiit. The oscillation wave-
length of an optical transmitter 1n the station, the multiplexed/
demultiplexed wavelength of an optical multiplexer-demul-
tiplexer for transmission and multiplexer-demultiplexer for
reception at the station, and the oscillation wavelength of
optical transmitter at each subscriber location are shifted by
the amount of the wavelength shift. The wavelength assigned
to each subscriber set 1n the wavelength controller 1s changed
cach time a wavelength shift 1s detected. In this way, the
technology described in the second patent document 1s
intended to monitor vanations in wavelength characteristics
to detect the amount of a wavelength shift and make fine
adjustments to wavelength according to the detected amount
of the shift. In contrast, the present invention 1s intended to
detect a wavelength to be assigned to each subscriber and
assign the wavelength to each subscriber. Therefore, the tech-
nology described in the second patent document differs from
the present invention in object, configuration, operation and
elfect.

The present mvention eliminates the need for setting a
given transmission wavelength beforehand because a remote
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4

apparatus autonomously determines an available wavelength
based on an optical signal 1t has recerved from the station

apparatus as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become more apparent from the fol-
lowing detailed description when taken 1n conjunction with
the accompanying drawings, wherein:

FIG. 1 1s a block diagram showing a configuration of an
exemplary wavelength division multiplexing transmission
system according to the prior art;

FIG. 2 1s a block diagram showing a configuration of a
wavelength division multiplexing transmission system
according to a first embodiment of the present invention; and

FIG. 3 1s a block diagram showing a configuration of a
wavelength division multiplexing transmission system
according to a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A basic configuration and the principle operation of a
wavelength division multiplexing transmission system and a
remote apparatus and station apparatus used therein accord-
ing to the present invention will be described below.

FIG. 2 1s a block diagram of a wavelength division multi-
plexing transmission system and remote apparatuses and a
station. apparatus therein according to a first embodiment of
the present invention.

Referring to FIG. 2, the wavelength division multiplexing
transmission system includes a station apparatus 1, a plurality
of remote apparatuses 2-1-2-n (where n 1s a positive integer
and not all of them are shown), and optical couplers 5, 6
connected between the station apparatus 1 and the plurality of
remote apparatuses 2-1-2-n. The station apparatus 1 and the
plurality of remote apparatuses 2-1-2-n» are connected
through the optical couplers 5, 6 1 a star topology. The
optical couplers 5, 6 perform optical branching and optical
coupling at a branching ratio according to the number of
remote apparatuses.

The station apparatus 1 includes a plurality of optical trans-
mitters 101-107, a plurality of optical receivers 111-117, a
wavelength multiplexer 3, and a wavelength demultiplexer 4.
A remote apparatus 2-1 includes a wavelength filter 21-1, an
optical receiver 22-1, an optical transmitter 23-1, and a wave-
length controller 24-1.

In the remote apparatus 2-1 in FIG. 2, the wavelength filter
21-1 separates variable wavelengths. The wavelength filter
21-1 adjusts a wavelength to separate, according to a wave-
length control signal 205-1 provided from the wavelength
controller 24-1, and outputs it to the optical recerver 22-1. The
optical receiver 22-1 converts an optical signal 201-1 inputted
from the wavelength filter 21-1 1nto an electric signal 202-1
and outputs to the wavelength controller 24-1 an optical
reception status signal 204-1 indicating whether an optical
signal 1s recerved. The transmission wavelength of the optical
transmitter 23-1 1s variable. The optical transmaitter 23-1 con-
verts an electric signal 203-1 1nto an optical signal 2021,
adjusts the transmission wavelength according to a wave-
length control signal 206-1 provided from the wavelength
controller 24-1, and turns on and off an optical output accord-
ing to an optical output control signal 207-1. The wavelength
controller 24-1 obtains an optical reception status signal
204-1 indicating a reception status from the optical recerver
22-1. The wavelength controller 24-1 outputs the wavelength
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control signal 206-1 and the optical output control signal
207-1 based on information indicated by the optical reception
status signal 204-1 and thereby controls the wavelength and
output of an optical signal to be transmitted by the optical
transmitter 23-1. At the same time, the wavelength controller
24-1 outputs a wavelength control signal 205-1 to the wave-
length filter 21-1 to control a wavelength to be separated.

In the station apparatus 1 1n FI1G. 2, the optical transmitters
101-107 output optical signals 1011-1071 having different
wavelengths. The optical wavelength multiplexer 3 multi-
plexes the optical signals 1011 to 1021 and outputs a wave-
length-multiplexed optical signal 2010. The wavelength
demultiplexer 4 recerves a wavelength-multiplexed optical
signal 2020 outputted from the optical coupler 6, demulti-
plexes 1t into optical signals 1111-1171 of different wave-
lengths, and outputs them. The optical receivers 111-11#
receive the optical signals 1111-11721 of different wave-
lengths and convert them into electric signals 1110-11#0,
respectively. The optical output controller 9 determines based
on optical reception status signals 1310-1370 whether or not
the optical recervers 111-11# are recerving an optical signal.
If they are not rece1rving an optical signal, the optical output
controller 9 provides an optical output control signal 1210-
1270 to any one of the optical transmuitters 101-10z that has a
corresponding transmitting wavelength to cause 1t stop out-
putting optical signals. This 1s performed 1n order to allow
remote apparatuses to detect an unused wavelength. The opti-
cal signals 1011-10#1 pair up with the optical signals 1111-
1171, respectively, and have the same wavelength as that of
their counterparts.

The optical coupler 5 recerves a wavelength-multiplexed
optical signal 2010 from the wavelength multiplexer 3,
branches 1t, and outputs optical signals 2011-2017 including
the same wavelength. The outputted optical signals 2011-
2017 are mnputted 1into the wavelength filters 21-1-21-7 of the
remote apparatuses 2-1-2n, respectively, and each individual
wavelength set 1n each remote apparatus 1s separated at the
remote apparatus.

The optical coupler 6 on the other hand receives from the
remote apparatuses 2-1-2-r optical signals 2021-202 having,
wavelengths used 1n the respective remote apparatuses, opti-
cally couples them, and then outputs a wavelength-multi-
plexed optical signal 2020. The outputted optical signal 2020
1s inputted into the wavelength demultiplexer 4 of the station
apparatus 1 and demultiplexed into optical signals 1111-1171
with respective wavelengths.

Operation of the wavelength division multiplexing trans-
mission system shown 1n FIG. 2 and the remote apparatuses
and the station apparatus used in the system will be described
below.

In the following description, operation 1n a case where a
remote apparatus 2-m (m 1s any positive integer ranging from
1 to n) 1s added will be described.

When a remote apparatus 2-m 1s added 1n addition to the
ex1isting remote apparatuses, its optical transmitter 23-» does
not output optical signals 1n the 1mitial state. Its wavelength
controller 24-m sends a wavelength control signal 205-m to
the wavelength filter 21-m to adjust the wavelength to be any
of the wavelengths used 1n the system. The optical recerver
22-m can receive an optical signal 201-m of that wavelength
separated. The wavelength controller 24-m recerves from the
optical receiver 24-m an optical reception status signal 204-w:
indicating whether an optical signal 1s being received and
determines whether or not an optical signal with the corre-
sponding wavelength 1s being received at the optical recerver
22-m. If the wavelength controller 24-m determined that such
an optical signal 1s not being received, it sets the wavelength
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6

as the wavelength to be used 1n the remote apparatus 2-m.
Based on this wavelength, the wavelength controller 24-m
uses a wavelength control signal 206-m to adjust the wave-
length of the optical transmitter 23-m and uses an optical
output control signal 207-m to control the optical transmitter
23-m so as to provide an output. This causes the optical
transmitter 23-m to start outputting an optical signal 202m of
the wavelength. The wavelength controller 24-m outputs a
wavelength control signal 205- 1n order to separate the same

wavelength as that 1s transmitted by the optical transmitter
23-m.

IT 1t 1s determined here that an optical signal with the set
wavelength 1s being recerved, the wavelength controller 24-m
adjusts the wavelength filter 21-m such that an optical signal
with another wavelength 1s separated. The subsequent pro-
cess 1s the same as described above. In this way, the wave-
length controller 24-m changes the optical signal wavelength
to be separated by the wavelength filter 21-m from one to
another and makes determination as described above until an
optical signal wavelength that the optical receiver 22-m does
not recerve 1s found. If such a wavelength 1s found, the wave-
length 1s set as the wavelength used in the remote apparatus
2-m.

Operation of the station apparatus will be described below.

When a group of optical signals transmitted from remote
apparatuses include a wavelength that the station apparatus 1
does not receive, the optical transmitter 101-107 avoid trans-
mitting optical signals of that wavelength. In other words, a
wavelength-multiplexed signal 2010 outputted from the sta-
tion apparatus 1 includes only the wavelengths transmitted
from remote apparatuses. Therelore, before the remote appa-
ratus 2-m 1s added, an optical output control signal 120 from
the optical output controller 9 1n the station apparatus 1 pre-
vents the optical transmitter 10 from providing an output
because no optical reception 1s found at the optical recerver
11m. When the remote apparatus 2-m 1s added, an optical
signal 202 1s outputted from the optical transmaitter 23-m
through the operation of the remote apparatus 23-m described
above. The optical signal 202 1s optically coupled with the
other optical signals 1n the optical coupler 6, then demulti-
plexed 1n the wavelength demultiplexer 4, and received at the
optical recerver 11m as an optical signal 111. Information
indicating that the optical signal 11#:21 1s received 1s provided
to the optical output controller 9 through the optical reception
status signal 1320. In response to the optical reception status
signal 13m0, the optical output controller 9 uses an optical
output control signal 120 to cause the optical transmitter
10 to start providing an output.

Thus, bidirectional wavelength multiplexing transmission
1s performed between the station apparatus 1 and the added
remote apparatus 2-m.

As has been described, according to the first embodiment,
the need for preinstalling a wavelength stabilized laser having
a predetermined transmission wavelength or setting a wave-
length tunable laser beforehand so as to output a predeter-
mined wavelength 1s eliminated. Therefore, a remote appara-
tus canreadily be added to a transmission system according to
the first embodiment.

A second embodiment of the present imnvention will be
described below.

FIG. 3 1s a block diagram of a wavelength division multi-
plexing transmission system and remote apparatuses and a
station apparatus therein according to the second embodi-
ment of the present invention. In FIG. 3, the same elements as
those 1n FIG. 2 are labeled with the same reference numerals
and the description of which will be omatted.



US 8,139,940 B2

7

Unlike the first embodiment, the second embodiment pro-
vides a wavelength demultiplexer 7 and a wavelength multi-
plexer 8 1n place of the optical couplers 5, 6. A wavelength
demultiplexer 7 demultiplexes a wavelength-multiplexed
optical signal 1nto signals with different wavelength. A wave-
length multiplexer 8 multiplexes optical signals with different
wavelength 1nto one optical signal. A wavelength-multi-
plexed signal 2010 sent from a station apparatus 1 1s inputted
into the wavelength demultiplexer 7, where it 1s separated into
optical signals 2011-201#% of different wavelengths and out-
putted. Each remote apparatus 2-1-2-n recerves only one of
the optical signals 2011-201» that has a particular wave-
length. On the other hand, optical signals 2121-2027 of dii-
terent wavelengths sent from the remote apparatuses 2-1-2-»
are inputted into the wavelength multiplexer 8, where they are
multiplexed, and outputted as a wavelength-multiplexed opti-
cal signal 2020.

Unlike the first embodiment, the second embodiment does
not prevent optical transmitters 101-107 1n the station appa-
ratus from outputting optical signals. That is, the optical
transmitters 101-107 of the station apparatus 1 1n the second
embodiment allows optical transmitter having a wavelength
that 1s not 1n use to output an optical signal constantly. There-
fore, when a remote apparatus 2-m (m 1s any positive integer
ranging from 1 to n), 1s connected to the system, any of the
optical signals 2011-2-1» 1s being outputted from a port to
which the remote apparatus 2-m 1s to be connected. The
remote apparatus 2-m 1dentifies the wavelength of the optical
signal, and sets the wavelength as the wavelength to use, and
transmits an optical signal with the same wavelength.

Operation of the wavelength division multiplexing trans-
mission system and the remote apparatuses and the station
apparatus used in the system shown in FIG. 3 will be
described below.

In the following description, operation 1n a case where a
remote apparatus 2-m 1s added will be described.

When a remote apparatus 2-m 1s added 1n addition to the
ex1isting remote apparatuses, its optical transmitter 23-m does
not output optical signals 1n the 1mitial state. Its wavelength
controller 24-m sends a wavelength control signal 205-m to
the wavelength filter 21-m to adjust the wavelength to be any
of the wavelengths used 1n the system. The optical recerver
22-m can recetve an optical signal 201-m of that separated
wavelength. The wavelength controller 24-m receives from
the optical receiver 22-m an optical reception status signal
204-m indicating whether an optical signal 1s being recerved
and determines whether or not an optical signal with the
corresponding wavelength 1s being receirved at the optical
receiver 22-m.

While 1n the first embodiment all of the wave lengths 1n use
are provided into the optical signal 201 because the optical
coupler 5 1s used at the relay point, only an optical signal with
a particular, single wavelength 1s provided into the optical
signal 201 1n the second embodiment because the wave-
length demultiplexer 7 1s used at the relay point. Therefore, 1n
the second embodiment, if the station apparatus 1 1s not
outputting an optical signal with an unused wavelength when
the remote apparatus 2-m 1s connected, the remote apparatus
2-m cannot recerve optical signals of any wavelengths. Con-
sequently, the remote apparatus 2-m cannot 1dentily a wave-
length to be set 1n 1t. According to the second embodiment,
therefore, the station apparatus 1 always outputs an optical
signal with an unused wavelength as well so that a remote
apparatus can receive it and set the same wavelength in it. The
remote apparatus 2-m recerves the optical signal 201 that 1s
being outputted constantly, identifies it, and sets it as the
wavelength to be used in the remote apparatus 2-m. The
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wavelength controller 24-m uses a wavelength control signal
206-m to control the optical transmitter 23-m to adjust 1ts
wavelength so as to be the same wavelength as the received
one and then uses an optical output control signal 207-m to
control the optical transmaitter 23-m to output an optical sig-
nal. This causes the optical transmitter 23-m to start output-
ting an optical signal 22m with that wavelength. The wave-
length controller 24-m outputs a wavelength control signal
205-m 1n order to separate the same wavelength as the one
transmitted from the optical transmitter 23-m.

In contrast to the first embodiment, 1t i1t 1s determined that
an optical signal with the wavelength set 1n the remote appa-
ratus 1s not received, the wavelength controller 24-m adjust
the wavelength filter 21-# so that 1t separates an optical signal
ol another wavelength, and then performs the sequence of
operations described above. In this way, the wavelength con-
troller 24-m changes the optical signal wavelength to be sepa-
rated by the wavelength filter 21-m from one to another and
makes determination as described above until an optical sig-
nal wavelength that the optical recerver 22-m receives 1s
found. If such a wavelength 1s found, the wavelength 1s set as
the wavelength used 1n the remote apparatus 2-m.

Operation 1n the station apparatus will be described below.

All optical transmuitters 101-107 1n the station apparatus 1,
including one that outputs a wavelength not in use, are out-
putting optical signals. Because the wavelength demulti-
plexer 7, instead of an optical coupler, 1s used 1n the second
embodiment, a wavelength-multiplexed optical signal 2010
1s separated into optical signals 2011-201» and outputted.
Accordingly, only an optical signal with a particular wave-
length 1s being outputted at each port at which each remote
apparatus 1s to be connected. Accordingly, a remote apparatus
2-m receives the optical signal with a wavelength inputted and
autonomously sets that wavelength as the wavelength to use
in the apparatus. That 1s, if a remote apparatus 2-m 1s added,
its wavelength controller 24-m controls the wavelength filter
21-m so as to separate wavelengths one by one, and the optical
receiver 22-m recerves them and determines whether or not an
optical signal with the corresponding wavelength 1s being
received. I1 1t 1s determined 1n the remote apparatus 2-m that
an optical signal of the particular wavelength 1s received at the
optical receiver 22-m, that wavelength 1s set as the wave-
length to be used 1n the remote apparatus 2-m.

In this way, 1n the second embodiment, as in the first
embodiment, the need for preinstalling a wavelength stabi-
lized laser having a predetermined transmission wavelength
1s eliminated. Furthermore, when a remote apparatus 1is
added, the remote apparatus autonomously sets a wavelength
to use 1n 1t and thus the need for a maintenance person to set
the wavelength 1s eliminated: Moreover, the need for setting
a wavelength tunable laser beforehand so as to output a pre-
determined wavelength 1s eliminated. Consequently, the sec-
ond embodiment has an advantage that a remote apparatus
can be readily added to a transmission system.

As has been described, according to the present invention,
a remote apparatus includes wavelength determining means
that determines an available wavelength on the basis of an
optical signal received from a station apparatus. Therelore,
the need for presetting a wavelength to be used 1s eliminated
and the need for maintenance tasks concerning wavelength 1s
also eliminated.

The present invention has an advantage that a remote appa-
ratus can be readily attached because the remote apparatus
can autonomously determine an available wavelength, set a
transmission wavelength, and perform wavelength multiplex-
ing communication with a station apparatus. The present
invention has another advantage that when the wavelength to
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be used 1n remote apparatuses 1n a system must be changed
because of a change to the system, each of the remote appa-
ratuses can autonomously change 1ts wavelength without the
need for a maintenance person to make a change to each
remote apparatus.
While this invention has been described 1n connection with
certain preferred embodiments, 1t 1s to be understood that the
subject matter encompassed by way of this invention 1s not to
be limited to those specific embodiments. On the contrary, it
1s intended for the subject matter of the imnvention to include
all alternative, modification and equivalents as can be
included within the spirit and scope of the following claims.
What 1s claimed 1s:
1. A wavelength division multiplexing transmission sys-
tem 1n which a plurality of remote apparatuses are connected
to a station apparatus which communicates with the remote
apparatuses using a given plurality of wavelengths, wherein
cach of the remote apparatuses comprises:
a receiver which recerves transmissions from the station
apparatus of one or more wavelengths of the given plu-
rality of wavelengths;
a wavelength separating device which separates, according,
to a wavelength control signal, a wavelength from the
given plurality of wavelengths;
a signal output device which outputs a reception status
signal indicating whether or not a separated wavelength
1s recerved from the wavelength separating device; and
a wavelength control device which generates the wave-
length control signal to the wavelength separating
device and receives a reception status signal to deter-
mine whether a signal corresponding to the separated
wavelength 1s being recetved, and,
if not, sets the separated wavelength as the wavelength to
be used 1n the remote apparatus and wherein the
remote apparatus transmits a signal having said sepa-
rated wavelength to said station apparatus,

but if 1t 1s determined that a signal corresponding to the
separated wavelength 1s recerved, then generating a
new wavelength control signal to control the wave-
length separating device to separate a ditlerent wave-
length from the given plurality of wavelengths until
the wavelength control device determines that no sig-
nal corresponding to the separated different wave-
length 1s being recerved, wherein when no signal cor-
responding to the separated different wavelength 1s
being received the remote apparatus causes the station
apparatus to be updated to include the separated dif-
ferent wavelength to be transmitted by the station
apparatus with the given plurality of wavelengths.

2. The wavelength division multiplexing transmission sys-
tem of claim 1, wherein the station apparatus transmits sig-
nals to the plurality of remote apparatuses using only those
wavelengths used by remote apparatuses currently connected
to the station apparatus.

3. The wavelength division multiplexing transmission sys-
tem of claim 1, wherein each remote apparatus further com-
Prises:

a remote apparatus transmitter controlled by the wave-
length control device, the remote apparatus transmitter
initially not outputting signals until the wavelength con-
trol device generates a control signal to the remote appa-
ratus transmitter, the remote apparatus transmitter, in
response to the control signal, outputting a signal at the
wavelength to be used by the remote apparatus.

4. The wavelength division multiplexing transmission sys-

tem of claim 1, wherein communication between the station
apparatus and the plurality of remote apparatuses 1s by optical
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signals, connections between the station apparatus and the
remote apparatuses being made by optical couplers 1n a star
topology.

5. A remote apparatus 1n a wavelength division multiplex-
ing transmission system in which a plurality of remote appa-
ratuses are connected to a station apparatus and communica-
tion 1s performed among the remote apparatuses and the
station apparatus using a given plurality of wavelengths, the
remote apparatus comprising;

a recerver which recerves transmissions from the station
apparatus of one or more wavelengths of the given plu-
rality of wavelengths;

a wavelength separating device which separates, according,
to a wavelength control signal, a wavelength from the
given plurality of wavelengths;

a signal output device which outputs a reception status
signal indicating whether or not a separated wavelength
from the wavelength separating device; and

a wavelength control device which generates the wave-
length control signal to the wavelength separating
device and receives a reception status signal to deter-
mine whether a signal corresponding to the separated
wavelength 1s being recerved, and,

i not, sets the separated wavelength as the wavelength to
be used 1n the remote apparatus and wherein the
remote apparatus transmits a signal having said sepa-
rated wavelength to said station apparatus,

but 1f 1t 1s determined that a signal corresponding to the
separated wavelength 1s recerved, then generating a
new wavelength control signal to control the wave-
length separating device to separate a different wave-
length from the given plurality of wavelengths until
the wavelength control device determines that no sig-
nal corresponding to the separated different wave-
length 1s being received, wherein when no signal cor-
responding to the separated different wavelength 1s
being received the remote apparatus causes the station
apparatus to be updated to include the separated dif-
terent wavelength to be transmitted by the station
apparatus with the given plurality of wavelengths.

6. The remote apparatus of claim 5, further comprising;:

a remote apparatus transmitter controlled by the wave-
length control device, the remote apparatus transmitter
initially not outputting signals until the wavelength con-
trol device generates a control signal to the remote appa-
ratus transmitter, the remote apparatus transmitter, in
response to the control signal, outputting a signal at the
wavelength to be used by the remote apparatus.

7. A method for setting a wavelength to be used by a remote
apparatus in a wavelength division multiplexing transmission
system 1n which a plurality of remote apparatuses are con-
nected to a station apparatus and communication 1s per-
formed among the remote apparatuses and the station appa-
ratus using a given plurality of wavelengths, the method
comprising:

transmitting from the station apparatus one or more wave-
lengths of the given plurality of wavelengths to the plu-
rality of remote apparatuses and the remote apparatus to
be added to said wavelength division demultiplexing
transmission system;

separating a wavelength from one or more wavelengths of
the given plurality of wavelengths transmitted by a trans-
mitter of the station apparatus, said step of separating
being preformed according to a wavelength control sig-
nal;

outputting a reception status signal indicating whether or
not the separated wavelength is received; and
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controlling generation of a wavelength control signal used

in said separating step based on said reception status

signal output in said outputting step, said controlling

step

determining whether a signal corresponding to the sepa-
rated wavelength 1s being recerved, and, if not, setting
the separated wavelength as the wavelength to be used
in the remote apparatus,

once a separated wavelength that 1s not recerved at said
remote apparatus 1s determined 1n said controlling
step, transmitting a signal having said separated
wavelength from said remote apparatus to said station
apparatus,

but if 1t 1s determined that a signal corresponding to the
separated wavelength 1s being received, then

10
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generating a new wavelength control signal to control
the wavelength separating device at the remote appa-
ratus to separate a different wavelength from the given
plurality of wavelengths until 1t 1s determined that no
signal corresponding to the separated wavelength 1s
being received, and
updating said one or more wavelengths of the given
plurality of wavelengths transmitted from the station
apparatus to the plurality of remote apparatuses to
include the separated wavelength.
8. The method of claim 7, further comprising the step of:
outputting a signal from a remote apparatus transmitter at
the separated wavelength set as the wavelength to be
used by said remote apparatus 1n said controlling step.
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